Abstract: This paper discusses the causes and the effects of plastic deformation of double reduced sheets under uniaxial and biaxial loading. It focuses on the specific inhomogeneity and localization of plastic deformation, which is analysed in detail. The uniaxial and the hydraulic biaxial tensile tests were used for material testing and the results were compared and evaluated. The final part of the paper deals with the microstructure of material deformations.
INTRODUCTION
An accurate determination of mechanical properties is one of the key issues in the analysis of behaviour of material deformation. Tinplate forming is characterized by a phenomenon of specific inhomogeneity, of which causes and effects are analysed in this paper. Tinplates can be classified according to the type of production, into the simply reduced (SR) and the double reduced (DR) sheets. The thickness of the sheets is effected by the method of production, and it ranges from 0.13 to 0.50 mm. A significant strain hardening of the material occurs during the process of production, with the use of a cold rolling tandem mill. This adverse effect is eliminated either by a continuous annealing (CA) or by a batch annealing (BA). Protection tin coating is applied on the modified material, it brings several advantages such as excellent formability, sufficient strength and corrosion resistance (European Standard 2001). Modern tinplate has several important advantages, including excellent drawability combined with good strength, good solderability and corrosion resistance.
DR tinplate is currently and mostly tested by the tension test (uniaxial tensile test). However, this test showed that there is severe variance in the case of identified mechanical and plastic properties. Significantly high variance is observed in the case of material plasticity which is demonstrated through the material elongation. The measured properties of DR tinplate after the elongation, which were identified by the uniaxial tensile test, tend to be very low (starting at 0.2%). We tried to experimentally test the behaviour of DR tinplate by means of a hydraulic biaxial tensile test which uses hydrostatic bulging and to analyse the root causes of non-homogenous plastic deformation with subsequent disruption of tested specimens during tension test ).
LOCAL PLASTIC DEFORMATION AND ITS PROGRESS
Plastic deformation of material can be generally divided into and dealt with at the three levels, namely micro, meso and macro level. In a majority of low-carbon sheets, deformation takes place evenly along the whole length of the test specimen, until a certain phase of the process where the loss of stability occurs, which is manifested through the local narrowing and thinning of the specimen (Fig. 1) . The reduction of width and thickness of the material continues until another type of the stability loss in the area appears. The loss of stability of the plate appears as a local change, there is a change of its thickness along the certain line. This type of deformation can be observed as a local thinning visible on the surface of the specimen (Fig. 1b) . Its width depends on the thickness of the sheet. The local thinning continues until the slip strips appear across its whole length. When the loss of stability of the material occurs, local deformation appears in the form of shear bands (Fig. 1c) at the moment when the load reaches the maximum. Methods for localization of deformation as well as the conditions of the loss of stability were described by many authors (Hill, 1952; Marciniak, 1978; Swift, 1952) .
Generally, there are three basic models of the loss of stability, which are accepted ( Fig. 1 ), including a model of the diffusion thinning (Swift, 1952) , the localized thinning (Hill, 1952) and a model of the initial inhomogeneity in the material - Fig. 1b (Marciniak, 1978) .
Deformation proceeds at a decreased stress level, known as the lower yield stress, but it is inhomogeneous. The specimen is divided into the regions where the strain is relatively high (Lü-ders strain) and the regions which are still elastic. The distinct plateau in the stress-strain curve is characterized by the propagation of Lüders bands. The propagation of Lüders bands is influenced by many factors including crystal structure, grain size, composition and microstructure, shape and stiffness of the testing specimen, strain rate and the type of loading. Experimental study of local deformation has been described previously by the authors (Zhang and Jiang, 2004) . It was found out that the strain at the beginning of Lüders band is lower than the total strain. Generally, this phenomenon is important in the process of material deformation (Zhang and Jiang, 2004a, b).
MATERIAL FOR THE EXPERIMENTAL RESEARCH
Tinplate TH 415 CA with the thickness of 0.18 mm was used for the experiment. The tinplate had been processed by double reduction and continuous annealing. The specimens were taken in the rolling direction (0°) and the direction perpendicular to the rolling direction (90°). The chemical composition of the material is given in Tab. 1. In order to identify the mechanical properties of the tested material, uniaxial tensile test (Fig. 2a) and hydraulic biaxial tensile test (Fig. 2b -Bulge test) were conducted. The plastic deformation is observed in particular areas on the specimens. The specimens were difficult to evaluate because numerous damages occurred out of the measured section of specimens. Besides the deformation in the observed area, there occurred damage in other locations, with cracks of different shapes; however, major part of the specimen remained without plastic deformation, as illustrated in Fig. 3 . Mechanical properties of the tested material TH 415 CA obtained from uniaxial tensile test are shown in the Tab. 2. The specimen obtained from hydraulic biaxial test after failure is documented in Fig. 2b Hydraulic biaxial tensile test was performed on the equipment for hydraulic bulging (Bulge test). The test plate is clamped between the bottom plate and die with a diameter of 80 mm. The blankholder prevents pulling material through the rib located in die. Fluid pressure is used for deformation and subsequent burst of the specimen. The plastic properties of the tested plate are identified from the height of the bulge and shape of the crack after the bulge is damaged. Hydraulic biaxial tensile tests are used for evaluation of parameters such as yield strength Re, ultimate tensile strength Rm, total elongation of specimen A50 and the height of bulge h. Hydraulic bulge test was performed using six specimens of steel sheet TH 415CA with thickness 0.18 mm and size 130 mm x 130 mm.
Subsequently, metallographic observation of material structure was performed. Specimens were observed and evaluated using a GX 71 Olympus light microscope. Specimens were taken from deformed parts after uniaxial (Fig. 4) and hydraulic biaxial tensile tests (Fig. 5) . 
EXPERIMENTAL RESULTS AND THEIR ANALYSIS
Tinplate TH 415 CA was used for metallographic observation of the microstructure. After uniaxial tensile test in the 0° direction, the microstructure showed significantly elongated grains in the rolling direction, which is the result of the double reduction (Fig. 6a) . The microstructure of the specimen taken in the 90° direction is characterized by uniform structure (Fig. 6b) . The localization of deformation and fracture of specimens in the tensile test can be explained by Marciniak's theory, according to which the localization of deformation occurs in areas with a strong inhomogeneity of the material. Inhomogeneity of the material can cause changes in the surface micro-geometry; internal inhomogeneity of the material can cause a lot of surface defects. The depth of defects plays the main role in this process. Non-metallic inclusions -oxides were observed at these locations and at the coupling of the base material with deformation slivers. Their presence depends on the material conditions of annealing (Fig. 6a, b) . The average value of elongation of tinplate in the 0° direction was 2%, and it reached 22% in the 90° direction. Significant difference was observed in the mechanical properties of specimen taken in the 0° and 90° direction, particularly in their nondeformed parts. The value of elongation difference observed in most cases was up to 100 %. To determine the properties of tinplate, hydraulic biaxial tensile test appeared to be preferable. The average value of elongation of this material was 13%. The microstructure of the deformed material was also characterized by a uniform structure in the failure area, which was typically plastic with a significant narrowing (Fig. 7a, b) . Breakage of the specimen is initiated at a particular location when the slip bands and thinning occur. They are not able to resist the increasing tension, which results in the failure of material.
CONCLUSIONS
Firstly, this paper described the causes and consequences of the loss of stability and violations of tinplate in uniaxial and biaxial tensile loading. Secondly, it analysed the deformation and loss of stability in individual tests. The metallographic structure of material was observed, which served for the analysis of the structure and mechanism of plastic deformation. At the very beginning of plastic deformation in the uniaxial tensile test, the slip lines are generated; these exist in areas with inner inclusions in material. In these spots, as tension force increases, deformation is localized in the area of slip plains without spreading plastic deformation along the whole length of test specimen. The test specimen disrupts in this spot.
In case of hydraulic biaxial tensile test, the difference between yield strength Rp0.2 and Rm is higher. Plastic deformation occurs in various directions (suitably oriented grains), thus the difference is not localized in its slip plain.
Based on the results we can conclude that uniaxial tensile test does not provide objective information regarding the plastic properties of material. Hydraulic biaxial tensile test is more suitable for DR tinplate thinner than 0.18 mm, as it provides more objective information on plastic properties of DR tinplate.
